AFM and impedance spectroscopy characterization of the immobilization of antibodies on indium-tin oxide electrode through self-assembled monolayer of epoxysilane and their capture of Escherichia coli O157:H7.
The microscopic surface molecular structures and macroscopic electrochemical impedance properties of the epoxysilane monolayer and anti-Escherichia coli antibody layer on an indium-tin oxide (ITO) electrode surface were studied in this paper. Characterization of stepwise changes in microscopic features of the surfaces and electrochemical properties upon the formation of each layer were carried out using both atomic force microscopy (AFM) and electrochemical impedance spectroscopy in the presence of [Fe(CN)6](3-/4-) as a redox couple. AFM images of the self-assembled monolayer (SAM) evidenced the dense, complete, and homogeneous morphology of the epoxysilane monolayer on the ITO surface. The uniformity of the epoxysilane SAM allowed antibodies to attach to the epoxy surface groups of the silanes in a similarly uniform fashion. The effects of epoxysilane monolayer and the antibody layer on the electrochemical properties of the electrode were quantitatively analyzed in terms of double layer capacitance, electron transfer resistance, Warburg impedance and solution resistance using Randles model as the equivalent circuit. It was demonstrated that the epoxysilane monolayer and the antibody layer act as barriers for the electron transfer between the electrode surface and the redox species in the solution, resulting in most significant increases in the electron transfer resistance compared to all the electric elements. Immunoreaction with E. coli O157:H7 cells demonstrated specific recognition of the immobilized anti-E. coli antibodies as evidenced by AFM imaging and impedance spectroscopy. It was found that the binding of E. coli cells mainly affected the electron transfer resistance and Warburg impedance.